I.
Introduction:
Mannich reactions are among the most significant carbon-carbon bond forming reactions in synthetic organic chemistry [1, 2] . They provide β-amino carbonyl compounds, which are important synthetic intermediates for various pharmaceuticals and natural products [3, 4] . β-amino carbonyl derivatives are found in a number of biologically active natural products [5] . The reported Mannich reactions have been catalyzed by various Lewis or Brønsted acid catalysts such as silica-supported AlCl 3 [6] , CeCl 3 .7H 2 0 [7] , NbCl 5 [8] , BiCl 3 [9] , CAN [10] , HClO 4 -SiO 2 [11] , Bi(OTf) 3 [12] , Zn(OTf) 2 [13] , ionic liquid [14] [15] [16] [17] , sulphamic acid [18] [19] [20] , Fe(Cp) 2 PF 6 [21] , Cu-nanoparticles [22] , [RE(PFO) 3 ] [23] , silica based tin(II) catalyst [24] , PEG-SO 3 H [25] ZSM-5-SO 3 H [26] , carbon based solid acid [27] , polyaniline/SiO 2 [28] , lipase [29] , saccharose [30] , heteroplyacid salts [31] . However, most of the reported methods for the Mannich reaction suffer from drawbacks such as long reaction times and harsh reaction conditions, toxicity, and difficulty in product separation, which limit its use in the synthesis of complex molecules. Furthermore, some of them are corrosive and volatile, and often cause the environment problems. Therefore, the development of simple, efficient, high yielding, and environmentally friendly methods using new catalysts for the Mannich reaction is still necessary.
Utilization of naturally as well as easily available and biodegradable catalyst for organic synthesis is achieving enormous significance in the last few years as a result of both the novelty of concept and, more importantly, the fact that the efficiency and selectively of these reactions meet the standards of established organic reactions. In this regard, Citric acid keeps the potential of performing the role of ideal catalyst. It is a relatively strong acid. Citric acid and its salts are widely used because they are nontoxic, relatively noncorrosive, safe to handle and easily biodegraded. Citric acid has been explored as powerful catalyst for various organic transformations [32] [33] [34] [35] .
In the continuation of our work, to explore the green chemistry goals [36] , we offer the synthesis of β-amino carbonyl compounds by reacting various types of aldehydes, aromatic ketones, and aromatic amines catalyzed by citric acid. 
II. Results And Discussion:
To explore the use of citric acid as a catalyst, Mannich-type reaction of acetophenone (1), benzaldehyde (2) and aniline (3) for the preparation of β-amino carbonyl compounds compound 4 was considered as a standard model reaction (Scheme 1). Model reaction in the absence of catalyst did not led to desired product formation. It means intervention of catalyst was must for initiation of the reaction. To obtain best reaction conditions, different acid catalysts were screened for the model reaction viz. oxalic acid, Malonic acid, succinic acid and citric acid. The reaction in the presence of oxalic acid, Malonic acid and succinic acid was performed, and the product was obtained in moderate yields (Table 1) . In comparison with these, citric acid proved to be most efficient catalyst which delivered the desired product in higher yield. To determine exact requirement of catalyst for the reaction, we investigated the model reaction using different concentrations of citric acid. During this study, we observed that, 20 mol% citric acid proved to be an efficient catalyst to carry out the reaction smoothly.
The model reaction was further investigated using different solvent systems, whether, the reaction rate could be accelerated and, the product yield could be enhanced. During this study solvent system like ethanol, methanol, water and aqueous ethanol were tested but, use of ethanol proved to be suitable. To evaluate the temperature effect on reaction rate, model reaction was performed at different temperatures. It was found that, room temperature was found to carry out the reaction efficiently in excellent yield. Encouraged by this result, in further set of experiments, in order to build the generality of the reaction, a series of aldehydes, aromatic ketones, and aromatic amines were investigated under the optimized reaction conditions. All of these substrates were found to be compatible under the optimized reaction conditions delivering the products in good yields. A variety of aromatic aldehydes with either electron-donating or electron-withdrawing groups were converted to β-amino carbonyl compounds in good to excellent yields. All the results are summarized in Table  2 . 
III.
Experimental:
Chemicals and Apparatus:
All purchased chemicals were of analytical grade and used without further purification. Silica gel coated aluminium sheets (Merck made) were used for thin layer chromatography to monitor progress of reactions. Melting points were determined in an open capillary tube and are uncorrected. IR spectra were recorded on Shimadzu FT-IR 157 spectrophotometer (KBr).
1 H NMR spectra were recorded using CDCl 3 as solvent and TMS as internal standard at 300 MHz on Brucker DRX-300 NMR spectrophotometer. All the products were characterized by IR spectral data and comparison of their melting points with those reported in literature and found to be identical. Also, the structures of some products were confirmed by 1 H NMR spectral data.
1.2.
General procedure for the synthesis β-amino carbonyl compounds 4:
To mixture of aromatic ketone 1 (260 mg, 2 mmol), aromatic aldehydes 2 (212 mg, 2 mmol) and anilines 3 (186 mg ,2 mmol) in (5 mL) ethanol, citric acid ( 84 mg, 20 mol %) was added. The mixture was stirred at room temperature for the appropriate time indicated in Table 2 . After completion of reaction (TLC check), the reaction mixture was placed at ambient temperature to evaporate EtOH and H 2 O to give the crude product. The crude product was washed with water to remove excess of acid and product purified by recrystallization from ethanol or acetone/ethanol (2:3) to afford the pure products.
Selected spectral data:
Entry (4e): IR (KBr) vmax/cm 
IV.
Conclusion:
In summary, we have developed an efficient, mild and clean synthetic protocol for three components, one-pot method for the synthesis of β-amino carbonyl derivatives in the presence of citric acid as a highly efficient catalyst at ambient temperature. In this method, attempt has been made for exploitation of the catalytic activity of citric acid in organic transformation. This new strategy has several advantages, such as excellent yield, mild reaction conditions, low cost, simple experimental as well as isolation procedures, and finally, it is in agreement with the green chemistry protocols. These advantages will make this method become an attractive greener technique for the synthesis of β-amino carbonyl derivatives, compared to the existing methods.
